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BackscatterAbstract Acoustical geophysical devices depend on sound source to transmit sound waves that
reflected, diffracted or scattered off the sea bed. The frequency used by each device controls the out-
put information that related to the sea floor properties. The present study aims to get a recent map-
ping of the seabed texture mostly related to acoustic imagery, sediment analysis, and video images.
High resolution side scan sonar has been used for mapping the seafloor of the Eastern Harbor,
Alexandria, Egypt. Four different acoustic patterns were recognized: (a) the pattern of strong
backscatter related to coarse sand, (b) the pattern of weak backscatter confined to mud and fine
sand, (c) patches of strong and weak backscatter and d) the pattern with isolated reflections that
belong to rock outcrops and boulders. The various wavelengths of sand ripples are identifiable that
depend on their wavelength and amplitude. The presence of mega ripples in the front of the main
EL-Boughaz outlet at the middle of Eastern Harbor indicates bed load transport of sediment during
high energy conditions (storms). The current action on the sea bottom produced current ripples
which are either straight or sinus. They are usually irregular-crested, showing no bifurcation.
 2016 National Institute of Oceanography and Fisheries. Hosting by Elsevier B.V. This is an open access
article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).Introduction and previous work
The Eastern Harbor had considered the main water basin and
port of Alexandria since the Romans times. Its distinct shape,
location, geological features and historical background gives
the harbor its important status. The Eastern Harbor is located
to the west of Alexandria Mediterranean coast at the city cen-ter. It is characterized by semi-closed rounded shape with
about 2.8 Km2 total area and it has two outlets (El-Boughaz)
along El-Silsila break water to the west of the harbor (Fig. 1).
The main geological feature in the area is the Pleistocene
carbonate ridge where the city was built on (Stanley and
Bernhardt, 2010). It is parallel to the coast and some of its high
relief features occur seaward as Pharos Island, where the
ancient light house and the harbor margin were built, while
some reef like features submerged in the center of the harbor
(Goddio et al., 1998; Torab, 2013). This basin acts as a trap
for Holocene sediments that can give a clear archive for human
influence in the region even before the recent human
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Figure 1 Aerial map for the Eastern Harbor of Alexandria, including a map of Egypt showing the location of the study area on it.
250 A. Hamouda et al.modifications on the basin in the late Holocene (Hamouda and
Awad, 2012; El-Said and El-Sikaily, 2013; Hamouda et al.,
2015).
The Eastern Harbor (Fig. 1) is characterized by its physical,
chemical, biological attributes as well as the presence of sun-
ken archeological relics, which make this area so important.
The average sea surface temperature in the harbor basin is
about 22 C and the mean salinity is about 38.6%. The average
water depth in the harbor is about 5 m and the deepest points
are at El-Boughaz outlets with 11 m water depth (Massoud
and Abdel Wahed, 2006; Hamouda et al., 2014a,b). El-Silsila
breakwater protects the harbor from severe storms and waves.
The mean wave heights, during the year, are ranging from 0.5
to 1 m while, the current reaches a maximum velocity of
143 cm/s seaward of the harbor break water (Frihy et al.,
2004).
The mean tide range in the Mediterranean Sea are relatively
low, the tide range in the harbor is about 30 cm (Goiran, 2007;
Mostafa et al., 2000a,b; Hamouda and Abdel-Salam, 2010).
The water currents sweep the sediments and swash it along
the coast ‘‘littoral current” and inside the harbor. This motion
spreads natural sediments and human introduced materials
that shape the sea bed and in suspension that seriously increase
the turbidity (Goddio et al., 1998). The wind also transports
sediments from the adjacent desert to the harbor (Stanely
and Bernasconi, 2006). As the Eastern Harbor has become
more enclosed after El-Silsila breakwater was built in 1929,
rate of the sediment accumulation increases and the average
water depth in the harbor basin decreases (Mostafa et al.,
2000; El-Geziry et al., 2007). Recently the sea floor sediments
in the harbor are influenced and stressed by natural and
anthropogenic pressure (Alves et al., 2015, 2016).
Acoustic sound techniques ‘‘SONAR” are the most impor-
tant to study the water column and the sea floor (Lee et al.,
2009). Sea mapping using SONAR system can be categorized
into: Single beam echo-sounder, multibeam echo-sounder
and side scan sonar. In this study the multibeam system and
the sidescan sonar were used. The main target of this paper
is to undertake detail mapping of the seafloor of Eastern
Harbor using multibeam echo-sounder and sidescan sonars.
This high resolution new technology provides detailedinformation on the rise to get new understanding on the pre-
sent situation of the bottom sediment texture and seabed char-
acteristics and the accurate distribution of the outcrops and
the bed forms. Sidescan sonars images represent clearly the
interface boundary between different seabed textures. More-
over its recent applications have expanded beyond this limited
purpose. The present study aims to get a recent mapping of the
seabed texture mostly read and interpreted by High Resolution
Acoustic Imagery, sediment analysis, and video images.Methodology
Data acquisition and processing
The field survey was carried out in June/July 2014, for 3 work-
ing days using a survey boat. The survey grid lines were direc-
ted from east to west and from north to south over the study
area (Fig. 2). The speed of the survey boat was 4 knots through
the water depth of 3 to 20 m, and an average water tempera-
ture of 23 C.
SeaBeam 1185 multibeam
Swath bathymetry data were collected using a SeaBeam SB
1185 multibeam echosounder system. The SeaBeam 1185
multibeam echo sounder collects bathymetric data with nar-
row beams (1.5  1.5) and 150 swath width, and offers sea-
floor coverage in excess of 500 meters. Two narrow beam
width transducer arrays are transmitting quasi-
simultaneously into directed sectors with a high acoustic trans-
mission level. The high operating frequency of 180 kHz in con-
junction with small transducers offers high coverage and
narrow beam width (Maida et al., 2011).
A multibeam calibration is done before surveying to quan-
tify all residual installation misalignments and to ensure that
the subsequent data gathered from the multibeam system is
correctly geo-referenced in three dimensions. The multibeam
sonar data were relative to true vertical and to heading accord-
ing to the collected data from motion and heading sensors. The
multibeam calibration was done related to alignment offsets of
pitch, roll and yaw. Acquisition survey was based on a differ-
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Figure 2 Acoustic survey lines and sampling locations.
Geological implications of acoustic imagery of seabed textures 251ential global positioning system (DGPS – GPX PRO, Beacon
Station), providing positional accuracy of ±0.5 m. the temper-
ature, the salinity and the depth affect the sound speed in
water, which were measured using CTD, then a sound velocity
profile (SVP) was obtained (Table 1).
The HYPACK 2014 software package was used to acquire
the SeaBeam SB 1185 multibeam system data with the
SeaBeam Native software Hydrostar of L3-ELAC Nautics.
The post processing of the collected data to produce the con-
tour and depth sounding maps were done using HYPACK
2014 software.
EdgeTech sidescan sonar
A dual simultaneous frequency sidescan sonar (EdgeTech
4200, Freq.: 300/600 kHz) was used and towed behind the
boat, with 150 m swath. Sidescan sonar transmits two sound
beams on both sides. It is recommended to have more than
10% of the range setting as a distance above the bottom
(Blondel, 2009; Chang et al., 2010; Savini, 2011), i.e. in shal-
low water a wide range is inapplicable. In processing the lay-
back was automatically calculated according to the
following equation to geo-reference the tow fish position
(Fig. 3).Table 1 Sound velocity profile values obtained by measuring
CTD.
Depth Salinity Temperature (C) Sound velocity m/s
0.5 36 21.4 1526.355
1 36.1 21.5 1526.605
2 36 21.5 1526.644
3 36.3 21.3 1526.063
4 36.9 19.9 1522.164
5 36.9 20.2 1523.003
6 36.8 21 1525.201
7 37 21.3 1525.970
8 37.1 21.7 1527.016
9 37.3 22 1527.767
10 37.2 22 1527.807L ¼
ﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
C2  ðdþ hÞ2
q
þG
where, L is the layback, C is the cable out, h is the tow fish
height d is the depth and G: the distance from the GPS antenna
to the cable counter, (all are in meters). Most of the energy
arriving at the seafloor is scattered forward in the specular
directions. During survey the converted electrical signals dis-
played on the screen as waterfall with bronze color scheme.
Each material is characterized by its reflective or back scat-
tered properties of the sound signals. Metals and hard rocks
correspond to stronger return echoes and produce stronger
reflective acoustic signals and lighter tone on the sonograph
than finer sediments as sand grains. The final SideScan sonar
image is in Geo-TIFF format files which can be imported
directly into several G.I.S. packages (Fig. 4).
Videoray ROV video camera
A towed remotely operated vehicle ROV video camera (Video-
ray Pro 3) is used for ground-truthing by providing live video
to the surface via a cable. It is equipped with a forward facing
wide angle high resolution video color camera, and it is also com-
prised of two lights, two horizontal thrusters and one vertical
thruster. In order to accurately georeferenced the video, a house
software developed in Visual Basic is used by the authors to read
National Marine Electronics Association (NMEA) strings from
the GPS and the echo sounder and then estimate the layback as a
function of the depth, thereafter, calculate the position of the
camera using this estimate, vessel position and an implementa-
tion of Vincentys algorithm (Vincenty, 1975).
Ground-truthing activities using the ROV Video camera
and the sediment grab sampler (16 samples) were performed
at discrete locations (Fig. 2, Table 2) within the study area.
The sampling locations were selected and approved after the
post-survey data were analyzed.EM compact current meter
Three compact Em current meters were moored in three sta-
tions at El-Boughaz pass, El-Silsilah pass and at the center
of the harbor (Fig. 2). They were moored at elevation of
Figure 3 Layback configuration.
Figure 4 Sidescan sonar data flow using HYPACK software.
Table 2 Mean size and sorting results of the collected sediment samples.
St. Locations Type of Sediments/Mean size Sorting
Lat. Long.
1 31.20338 29.89042 Fine sand Poorly sorted
2 31.2033 29.8966 Coarse sand Poorly sorted
3 31.20473 29.89256 Medium sand Poorly sorted
4 31.2052 29.9013 Coarse sand Poorly sorted
5 31.206 29.89451 Medium sand Moderately well sorted
6 31.20655 29.89879 Coarse sand Moderately well sorted
7 31.2079 29.88944 Medium sand Poorly sorted
8 31.20853 29.89748 Coarse sand Poorly sorted
9 31.20941 29.89191 Medium sand Poorly sorted
10 31.20921 29.88642 Fine sand Moderately sorted
11 31.21008 29.90088 Coarse sand Moderately well sorted
12 31.21083 29.89558 Coarse sand Moderately sorted
13 31.21147 29.88865 Fine sand Moderately sorted
14 31.21206 29.892 Fine sand Poorly sorted
15 31.21262 29.89958 Medium sand Poorly sorted
252 A. Hamouda et al.1 meter from sea-floor in order to measure the water currents
in two dimensions in the Eastern Harbor. These miniature
electromagnetic current meters record 2D current data with
high accuracy ±2 within 360 measuring range. The measure-ments of the current speed and the direction are recorded, and
then processed using compact-Em native software. The output
of this software includes time-series of the current as speed and
direction.
Geological implications of acoustic imagery of seabed textures 253Laboratory analysis
Grain size analysis was determined according to Folk (1974),
for 50 g of each representative sample. Samples containing
more than 90% of the fractions coarser than 4 phi
(0.063 mm) were subjected to dry sieving, while those contain-
ing more than 10% of finer fraction (>4 phi) were subjected to
pipette analysis.
Results and discussions
Bathymetric survey
The study area was divided into two parts; (a) inside the
Eastern Harbor and (b) outside the Eastern Harbor extended
from the break water to the northern part, till a depth of
20 m. The Eastern Harbor has two breakwater outlets, the
western El-Boughaz (main) with 11 m water depth which is
deeper than the eastern El-Silsilah outlet of 6 m water depth.
The seafloor in front of the western El-Boughaz is character-
ized by steep slope toward the north while in front of the east-
ern El-Silsilah it is characterized by shallower depths reach a
depth of 4 m and increasing gradually northward.
The general slope configuration of the seafloor inside the
harbor slightly increases toward the western El-Boughaz outlet
(Figs. 5 and 6). The Eastern Harbor basin is characterized by
smooth slope with no abrupt depth variation. While the out-
side the Harbor it is characterized by steep slope northward
in front of El-Boughaz outlet. The gentle slope is observed
behind the middle breakwater. Inside the harbor, the 6 m con-
tour line is asymmetrically distributed at the south eastern side
of the harbor which could be attributed to the effect of certain
structure. In addition, two shallow areas were observed, one is
located at the middle part (uplifted shallow area with depth
contour 7 m) and the other represented at the south western
side (depth 2 m). The bathymetry map represents irregular dis-
tribution of the depth contours 6 m (eastern side), 2 m (western
side) and 8 m in the middle part which may be attributed to31.216 N 
31.208 N 
29.8833 E 2
Figure 5 2D Bathymetricburied structure in the harbor. It is worthy to say that some
sunken objects and rock outcrops have been detected through
abrupt variation of water depth (1–2 m) along the study area.
Sediment gradients
Three sediment types had been identified (15 surface samples
Table 2). The main sediment type dominated in the Eastern
Harbor is the sand fraction, (40%) is composed of coarse sand
intercalated with shell fragments. Coarse sand covers the east-
ern side of the harbor sea bed and small patches are present on
the north-west and south-west. Medium sand fraction covers
about 33% of the harbor basin accumulated to the north,
behind Silsila break water, and to the west of the harbor. Fine
sand fractions representing about 27% are distributed as
patches all over the harbor bottom. The western area of the
harbor is characterized by rocky features and broken blocks
from the ancient Royal Cleopatra city buildings and ancient
Alexandria harbor borders.
Acoustic gradients
Different sea bed sediment types and features were observed
by acoustic SideScan imaging and the ROV video camera
images. In Eastern Harbor, there are four different acoustic
patterns recognized: (a) the pattern of strong backscattering,
(b) the pattern of weak backscattering, (c) the patches of
strong and weak backscattering and (d) the pattern with iso-
lated reflections (rock outcrops and boulders).
The fine sand smooth surface produces poor backscatter-
ing, as the majority of the reflected sound pulses that did not
reach the transducers; while bivalves and coarse grained sedi-
ments provide a strong backscattering return (Figs. 7–9). Iso-
lated biomasses and outcropping rocks appear clearly on the
SideScan records. Note that shadows (dark areas) are formed
behind features of high relief due to the angle of acoustic illu-
mination, and areas of steep slope are characterized by low
return. The strong backscattering pattern appears as areas9.8917 E 29.9000 E
map for the study area.
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Figure 6 3D Bathymetric map for the study area.
Figure 7 Samples from strong backscatter pattern, which corresponds to coarse to medium sand. (a) Sidescan sonar image, (b) ROV
video camera image.
254 A. Hamouda et al.with trigger-striped backscattering, the samples are indicated
in Fig. 7. The bottom samples show that this pattern corre-
sponds to sandy gravel and course to medium sand, while
weak backscattering patterns are composed of fine sand and
mud (Fig. 8). The collected sediment samples and video image
confirmed the sediment characteristics of the dark tones (weak
backscattering), whereas lighter tones depicted strong acoustic
reflectivity, such as shells, gravel and coarse-grained sand
which in turn send back much more of the incident sound
(Milkert and Hu¨hnerbach, 1997). The pattern of high andlow reflectivity patches were distinguished as irregular shaped
patches with a strong and weak backscattering. Additionally
these patches are located in the transition zone between fine
and coarse grained sediments, the samples are indicated in
Fig. 9.
The pattern of isolated reflections has been interpreted in
terms of outcrops (Belderson et al., 1972; Knebel et al.,
1999; Lawrence et al., 1999; Kumar et al., 2012), archeological
structures, fishing ship wrecks, sunken anchors and other fish-
ing and anthropogenic wastes. In this sense, this pattern is
Figure 8 Samples from the weak backscatter pattern, which corresponds to fine sand and mud. (a) Sidescan sonar image, (b) ROV video
camera image.
Figure 9 Samples from the pattern of high and low reflectivity patches. (a) Sidescan sonar image, (b) ROV video camera image.
Geological implications of acoustic imagery of seabed textures 255characterized by a strong surface return (light color), and rep-
resented by different appearances: speckled, relatively small
and irregularly shaped features as in Fig. 10. This type of pat-
tern may be interpreted as sparse rocks either from archeolog-
ical remains, or from old construction rocks dumped on the
seabed, and/or interpreted as benthos or blotchy. Large fea-tures with discernible relief could also be interpreted as rocky
outcrops, boulders and masses of different sizes (up to few
meters).
The types of sand ripples are differentiated according to
their shape and size, such as, current ripples, wave ripples, iso-
lated ripples and combined current/wave ripples. Bottom
Figure 10 Samples from the pattern isolated reflections represented by sunken rocks and boulders. (a) Sidescan sonar image, (b) ROV
video camera image.
Figure 11 Various types of ripples that can be formed on the seafloor. From the shadow of ripple image on the sonographs we can
estimate the flow direction. (After Reineck and Singh, 1975) (a) various types of current ripples produced by the action of waves on a non-
cohesive sea-floor. (b) Symmetrical wave ripples, (c) asymmetrical wave ripples. (After Tucker, 2001).
256 A. Hamouda et al.currents action produced current ripples which are either
straight or sinusoidal. (Fig. 11-a); they are usually irregular-
crested, showing no bifurcation, as shown in (Fig. 12a). While
wave ripples (Fig. 11b) are symmetrical or slightly asymmetri-
cal undulations produced by the action of waves on a non-
cohesive surface, they are usually straight-crested, frequently
showing bifurcation, as shown in (Fig. 12b).
The local presence of bed-forms as mega ripples is criterion
around rock outcrops due to bottom currents and flows in
front of El-Boughaz outlet at the middle of the Eastern Har-
bor. These sediments features may be classified as moats, cres-
cents and shadows.
Fig. 12(c) presents an image of rock fragments with col-
lected sediments around it. In addition this observed rockyoutcrops or masses are often associated with fallen deposits
or represent different construction.
The current measurements (July, 2014) show the current
velocity varies between 0.019 m/s and 0.31 m/s, while the direc-
tion measurements of the current-meter (2 D) concerning the
location of the sand ripples (as interpreted from backscattering
images) show that the prevailing circulation-pattern inside the
Eastern Harbor is to the east direction. The Mediterranean sea
water enters the harbor through western inlet (El-Boughaz)
and the out flow through eastern El-Silsilah pass (Fig. 13). This
is confirmed by previous studies of Millet and Goiran (2007)
and Belov (2014) about the current waves in the Eastern
Harbor and wind-induced swells, respectively. The minimum
computed velocity value of 0.019 m/s is noticed in the middle
Figure 12 Different types of ripples in the study area. (a) Sinuous current ripples (0.8 m wavelength, Current direction: 135ON), located
at the central part of the study area. (b) Asymmetrical wave ripples (0.75 m wavelength, current direction: 150ON), located at the central
part of the study area. (c) Catenary mega ripples reworking around a rocky outcrop (1 m wavelength, current direction: mainly E-W).
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Figure 13 Estimated water current flow directions overlaid with the backscatter map according to the distribution of the ripple marks
and measurements of the current meters.
Geological implications of acoustic imagery of seabed textures 257of the current gyres which correspond to the fine grained sed-
iments according to the backscattering image. The maximum
computed velocity values recorded is 0.31 m/s, through the
passes and at the center of the harbor and corresponding to
medium and coarse grained sediments. This is confirmed by
the orientation of the sand ripples which are transverse to
the direction of current.Conclusions
Multibeam survey system is approved to get a clear wide map
more than you quit offering on the same area of the seafloor
with a single ping. It is characterized by high resolution in
comparison with that of a narrow single-beam echo sounder.
Bathymetry results indicated that the seafloor inside the
258 A. Hamouda et al.Eastern Harbor of Alexandria in Egypt is characterized by a
very gentle slope without abrupt depth variation. Outside the
Harbor the sea floor is characterized by steep slope toward
the north in the front of El-Boughaz outlet.
The high-resolution technique of Side-scan sonar showed a
new understanding on the seafloor sediment characteristics
and geological features in the Eastern Harbor of Egypt. This
needs more investigation to get clear the resulting images,
and to interpret them with unambiguously geological sense.
The output images are readable, expressive and good quality
representations of the acoustic backscattering from the sea-
floor. The combined package of SideScan sonar, towed video
and real-time DGPS linked through GIS and other acquisition
software has provided a much more accurate map of the pre-
sent seafloor in the study area. The ultimate limit to sonar per-
formance is the quality of the processing especially for getting
a clear image of the study area. It depends on the accuracy of
the collected data (accuracy of acoustic measurements, naviga-
tion position and the acquisition log) that affected the acoustic
backscattering.
The output results are not only considered using the side
scan sonar to obtain full coverage of the areas. Broad scale
information about the area can be used to target areas for
SideScan survey, just as the SideScan record itself, is used to
target areas for higher resolution video sampling. Analysis of
charts, oceanography, topography or bathymetry together
with satellite or aerial photography can assist in the identifica-
tion of the sediment characteristics.
Four sonograph patterns are distinguished in the Eastern
Harbor of Alexandria that has been correlated with different
seabed textures. Pattern (1) is strong backscattering, relatively
coarse grained sediment texture (sandy gravel and coarse to
medium sand). Pattern (2) of weak backscattering correspond-
ing to fine textured sediments (fine sand to mud). Pattern (3) is
the overlap of strong and weak backscattering, corresponding
to sedimentary patches in the strong bottom current transition
zone between coarse and fined grained sediments, while, pat-
tern (4) of isolated reflections is interpreted as sparse rocks,
boulders and some rock outcrops.
It is recognized that the sediment variation is controlled by
the associated hydrodynamic and geological conditions.
Relying on the previous work estimations of the present waves
in the Eastern Harbor, as stated by Millet (2007) we could get
those diminishing waves which regularly induced a decline in
the grain extent as well as mud substance distribution. Since
the sediment pattern variation is the real geomorphological
procedure as assumed in shallow waters (Van de Meene
et al., 1996), where the ripple bedforms are the expression of
the effect of the current waves on sediment distribution, like-
wise undulations, situated transverse of the primary heading
about water circulation. It has been concluded that sand rip-
ples of different wavelengths need more aids for identification,
in spite of the fact that this will be subject to their wavelength
and amplitude. This relies on more addition detectable data of
the sea physical condition.
It may be reasonable to conclude from both estimations
and analyses to confirm those predominant eastward water-
circulations through those Eastern Harbor, from an inflow
placed through El-Boughaz to an outflow spotted through
those el Silsilah pass.Conflict of interest
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